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SYSTEM AND METHOD OF LEAVENING WITH CARBON DIOXIDE 

MONITORING 

Field of the Invention 

The present invention relates generally to the control of the bread making 
process by monitoring carbon dioxide created by the leavening process. 

Background of the Invention 

The process of making bread or other leavened food products includes 
several stages including mixing, leavening and baking. During mixing, the baker 
mixes and blends flour with a leavening agent, such as yeast or a chemical 
leavening agent, sugar, salt, water, and/or other ingredients in accordance with a 
particular recipe to form a bread dough. An exemplary chemical leavening agent is 
baking powder, but most bread doughs use a yeast. Mixing generally is controlled 
by weight, volume, and time measurements. 

After the mixing stage, the dough is allowed to rise during the leavening 
stage. Upon mixing, the leavening agent interacts with other ingredients to produce 
ethanol (C 2 H 5 OH) and carbon dioxide (C0 2 ). The ethanol provides a distinct flavor 
and odor while the carbon dioxide creates gas pockets inside the dough that allow 
the dough to rise and influence the finished texture of the bread. The leavening 
stage generally is controlled using a time and temperature (and possibly humidity) 
profile. 



The leavening stage may include a fermentation phase and a proofing 
phase. Depending on the recipe, the fermentation phase may be repeated after a 
punching phase during which the dough is physically compressed before shaping 
the dough and allowing the dough to rise again in a second fermentation phase. 

When the baker is satisfied with the amount the dough has risen, the baker 
bakes the bread, or other food product, at a higher temperature. As the dough 
begins baking, some of the yeast continues to generate additional gas and results 
in an additional stage of rising called ovenspring. Eventually the temperature of the 
dough reaches a point where yeast activity stops and no additional carbon dioxide 
is generated. The baking stage is controlled primarily by a time and temperature 
profile in an oven. 

The amount or rate of production of carbon dioxide produced by various 
leavening agents generally changes over time. Differences in the amount or rate of 
carbon dioxide produced by various leavening agents has been used to select the 
optimum leavening agents for particular recipes. Chemical leavening agents 
generally produce carbon dioxide at a substantially constant rate, the amount and 
duration of the production generally being dependant on the amount of chemical 
leavening agent and reactants in the recipe. 

The fermentation action of the yeast that results in carbon dioxide production 
varies with the yeast variety, recipe, temperature, and other factors. Thus, when 



yeast is used as the leavening agent, carbon dioxide production is more variable 
than when the baker uses a chemical leavening agent. 

Common yeast fermentation times are on the order of several hours, and 
common proofing times are on the order of about one hour. Dough that spends too 
much or too little time in the fermentation or proofing phases may have undesirable 
characteristics. For example, over-fermentation can lead to the production of 
ascorbic acid from oxidation, which may change the flavor of a finished loaf of 
bread. Under-proofing results in tight grains, ripped-out break and shred and low 
loaf volume, while over-proofing leads to open grains, caps, and asymmetrical 
loaves of bread. Commercial baking systems process large numbers of baked 
goods, such as bread loaves, in large capacity ovens. Any reduction in the 
production time can lead to substantial savings either through increased throughput 
or reduced capital investment. 

Summary of the Invention 

It is a purpose of this invention to provide a control means that uses the 
carbon dioxide levels as a control parameter in a dough leavening process. The 
present invention provides a system and method for monitoring carbon dioxide 
production during a dough leavening stage to improve the efficiency and quality of 
the baking process, particularly for a yeast dough, and more particularly for a bread 
dough. As a result, the present invention helps to control several characteristics of 
the finished baked product and improves the efficiency of the baking process. 



According to one embodiment of the invention, a system for making a 
leavened food product from a dough having a leavening agent that can produce 
carbon dioxide includes the following elements. First, a carbon dioxide sensor for 
monitoring the carbon dioxide produced by the leavening agent and for providing an 
output indicative of the carbon dioxide produced. And second, a monitor connected 
to the carbon dioxide sensor for providing an output based on input from the carbon 
dioxide sensor. 

The monitor may be configured to provide an indication of the amount of 
carbon dioxide, or the rate of carbon dioxide production. In addition, the system 
may include a container, such as an oven or a proofing oven, within which the 
dough is placed. The carbon dioxide sensor is exposed to the atmosphere within 
the container, and may be mounted within the container. 

The system may further include a temperature sensor connected to the 
container for measuring the temperature in the container. The temperature sensor 
provides an output indicative of the temperature in the container, and that output 
may be directed to an indicator or any type of output device. The temperature 
sensor may be one or more of a thermometer, a thermocouple, a thermistor, or an 
infrared (IR) detector. 

The monitor may further include a controller, such as a general purpose 
processor or a digital signal processor, interconnecting the carbon dioxide sensor 
and the indicator. Thus the monitor can control the indicator in response to 



information or data received from the carbon dioxide sensor. The system may also 
include one or more temperature and humidity regulators, for regulating the 
temperature and humidity, respectively, in the oven. The monitor also can control 
the temperature and humidity regulators, including automatically baking the dough 
5 upon detecting a certain point in the leavening process as indicated by the carbon 
dioxide sensor. 

One method of baking a leavened food product includes the following steps: 
mixing ingredients that include a leavening agent to form a dough; placing the 
dough in a container; providing conditions in the container that allow the leavening 
^ 10 agent to form carbon dioxide; monitoring the carbon dioxide; and controlling further 
J~ processing of the dough based on the production of carbon dioxide by the 

pi leavening agent. Monitoring may include signaling a transition from an active stage 
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UJ of increasing carbon dioxide production to a stable stage of relatively constant 

0 

^ carbon dioxide production. Mixing includes mixing ingredients, including yeast, to 

15 form a bread dough. 

Further processing of the dough includes punching and shaping of the 
dough, as well as baking the dough. 

A system in accordance with the present invention also may be described as 
including means for monitoring the carbon dioxide produced by the leavening agent 
20 and for providing an output indicative of the carbon dioxide produced; and means 
for providing a signal based on input from the means for monitoring. 
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The means for providing may include means for analyzing the input from the 
means for monitoring, and means for identifying a transition from an active stage of 
carbon dioxide production to a stable stage of carbon dioxide production. 

The foregoing and other features of the invention are hereinafter fully 
described and particularly pointed out in the claims, the following description and 
annexed drawings setting forth in detail a certain illustrative embodiment of the 
invention, this embodiment being indicative, however, of but one of the various 
ways in which the principles of the invention may be employed. 

Brief Description of the Drawings 

Fig. 1 is a graph of carbon dioxide production in a bread dough leavening 
process over time. 

Figs. 2A-2D are schematic illustrations of rising bread dough at approximate 
times corresponding to points 2A-2D, respectively in Fig. 1 . 

Fig. 3 is a schematic illustration of a system in accordance with the present 
invention. 

Fig. 4 is a flowchart illustrating the steps of one method in accordance with 
the present invention. 

Detailed Description 

The present invention provides a system and method for monitoring carbon 
dioxide production during a dough leavening stage to improve the efficiency and 
quality of the process of making a leavened food product, such as bread. A baker 



generally places the dough in an oven or other container for rising and baking. The 
system includes a carbon dioxide sensor that senses the carbon dioxide in the oven 
atmosphere, and a monitoring device that monitors the signal from the carbon 
dioxide sensor to provide an output indicative of the substantial end of the dough's 
5 rising, and may automatically control the oven to begin baking. 

While time and temperature-based control methods have been successful in 
producing quality bread for centuries, such methods do not rely on measurements 

0 of the fundamental process that is occurring. That is, current methods do not 

■■*=* 

jjj measure the carbon dioxide production as a control parameter. In addition to 

10 reducing process time, improved control can also improve the quality of the bread. 

^ Although the system and method provided by the invention will be described with 

S reference to yeast in bread dough, such a system and method may be equally 

m 

UJ applicable to any baked goods using a leavening agent, particularly a yeast. 

S 3 

N" Fermentation of carbohydrates (in the form of sugar or flour) by yeast 

1 5 generally occurs through the following reaction. 

C 6 H 12 0 6 + yeast -> 2C 2 H 5 OH + 2C0 2 . 
It has been experimentally determined that approximately one thousand ninety- 
seven cubic centimeters (1097cc) of carbon dioxide is generated by yeast action 
per one hundred grams (100g) of flour. Of that amount, approximately four 
20 hundred twenty-five cubic centimeters <425cc) are retained in the dough, with the 
rest being lost to the environment. Of the approximately six hundred and seventy- 
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two cubic centimeters (627cc) lost, fifty-six cubic centimeters (56cc) are lost during 
surface diffusion in the fermentation process and mixes with the carbon dioxide in 
the atmosphere. 

The data graphically shown in Fig. 1, was taken from a fifty-three centimeter 
by forty centimeter by forty-three centimeter (53cm X 40cm X 43cm) convection 
oven (having a volume of ninety-three and six tenths times ten to the third cubic 
centimeters (93.6X1 0 3 cc)) with a three hundred gram (300g) flour dough that would 
be expected to produce one hundred sixty-eight cubic centimeters (168cc) of 
carbon dioxide in the oven (see also Fig. 2A). Standard dry air generally has a 
nominal composition of approximately three hundred to four hundred parts per 
million (300-400ppm) of carbon dioxide. This agrees within experimental error with 
the values shown in Fig. 1 . 

With the one hundred sixty-eight cubic centimeters (168 cc) of carbon 
dioxide given off by the fermenting dough through surface diffusion during the 
fermentation process, approximately eighteen hundred parts per million (1800ppm) 
of carbon dioxide would be released into the oven. As shown in the graph in Fig. 1 , 
this value agrees with the experimental data within generally accepted limits of 
error. 

The graph of Fig. 1 can be divided into three distinct sections, 5A, 5B and 
5C. In the early section 5A the carbon dioxide level is stable at a value near the 
level of standard air, 400ppm (see also Fig. 2A). Then as the yeast activity 



progresses into the middle section 5B the carbon dioxide diffuses from the surface 
of the dough rapidly increasing the level of carbon dioxide and causing the dough to 
rise or increase in volume. (See Fig. 2B.) Finally in the last section 5C the carbon 
dioxide level stabilizes as the yeast activity slows and reaches an equilibrium 
5 condition slowing the volumetric increase of the dough. (See Figs. 2C and 2D.) 
These three zones will be referred to as the early, active and stable zones, 5A, 5B, 
5C, respectively. Different strains of yeast produce different amounts of carbon 
dioxide at different rates and for different periods of time, but generally still have 
early, active and stable zones. A yeast that produces carbon dioxide at a slower 

10 rate in a longer active zone may be preferred for a particular recipe, for example. 

By monitoring the carbon dioxide levels, the baker has a better indication of 
the doneness of the fermentation and proofing processes. This provides a better 
level of control than standard time and temperature recipes. In addition, faulty 
dough mixes can be detected earlier from an unusual level of carbon dioxide, such 

15 as from yeast inactivity. The carbon dioxide levels (the cumulative or total amount 
of carbon dioxide) and the first derivative with respect to time (the rate a certain 
amount of carbon dioxide is produced over time) are used as indicators of the 
doneness of the dough rising or leavening process. When the carbon dioxide level 
transitions from the active zone 5B to the stable zone 5C, the dough has 

20 substantially finished rising and further time will not add significantly to the dough 
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volume. The baker may then choose to remove the dough or to continue the 
fermentation or proofing stage for reasons other than dough volume increase. 

An exemplary system 10 provided by the invention is illustrated in Fig. 3. 
The system includes a space or container 12 within which dough 13 is placed for 
the fermentation and proofing stages, such as an oven. A carbon dioxide sensor 
14, and any other desired sensor, including the illustrated temperature and humidity 
sensors 16, 18, respectively, are connected to the oven 12 to monitor the 
conditions therein. The sensors may be mounted inside the oven, or the sensors 
may be mounted remotely if a sampling tube or other means is provided to convey 
the oven atmosphere to the sensor. 

The system also includes a monitor 20 connected to the sensors to monitor 
the output of the sensors and to provide an output based on input from the sensors, 
such as a visual or audible signal indicating the change from the active zone 5B to 
the stable zone 5C (Fig. 1). The illustrated system also includes a separate means 
22 for providing an output, including an output device such as a speaker or 
electronic display, although alternatively such means may be integral with the 
monitor. The monitor and output device may be an integral part of the sensor and 
may perform additional functions. 

The monitor 16 may also function as a controller that provides an output in 
the form of a control signal for controlling means for regulating the temperature 
and/or humidity (generally relative humidity) 24 and 26, respectively, for example, 
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within the oven. The controller, temperature regulator and humidity regulator 
provide the ability to automate the bread making process based on the level of 
carbon dioxide. For example, when the yeast activity reaches the stable zone 5C 
(Fig. 1), the monitor may automatically send a control signal to the temperature 
regulator to raise the temperature in the oven to a baking temperature. Thus, the 
monitor can automatically control the transition between the proofing and baking 
stages, and improve the efficiency and quality of the baking process. 

The carbon dioxide sensor 14 may be a commercially available sensor 
including an infrared (IR) detector such as the model 302D5RU from Digital Control 
Systems of Portland, Oregon. The IR sensor utilizes the absorption of infrared 
radiation by carbon dioxide as a means of measurement. The output of the sensor 
is available in several versions including a 0-1 VDC analog signal that will have a 
linear correlation to the 0 to M level of carbon dioxide, where M is a function of the 
specific sensor. This analog signal can be connected to one or more processors, 
including general purpose processors or digital signal processors, such as the 
Watlow 922 PID control from Watlow of Winona, Minnesota. The processors may 
be programmable to provide flexibility in the design of the system, and may be 
programmed with an expected chart of carbon dioxide production against which 
measurements taken by the sensor can be compared, such as is shown in Fig. 1 . 

When the dough 13 is placed into the oven 12, the initial carbon dioxide 
levels will be near the standard atmospheric level of about 400 ppm. As the yeast 
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activity increases, the carbon dioxide level will increase as shown in the active zone 
5B of Fig. 1 . The concentration of carbon dioxide will rise at a rate between about 
10 and about 100 ppm/min in the active region, generally dependent on the recipe 
and oven environment. In Fig. 1 the value is about 90 ppm/min. At the end of the 
5 significant dough increase the carbon dioxide level will transition from the active 
zone 5B to the stable zone 5C (Fig. 1). The monitor analyzes the data from the 
carbon dioxide sensor to determine when this point (or any other desirable point in 
the process) has occurred, based on a measurement of a predetermined amount of 
carbon dioxide produced or a change in the rate of carbon dioxide production, for 

10 example. Thus the monitor can generate a signal that is sent to the indicator to 
indicate completion of the leavening stage, for example. The system thus provides 
the baker with an indication of the transition from an active yeast stage to a stable 
aging stage. This generally indicates an optimum time to begin baking the dough. 
The system may also provide the baker with an indication of any irregularities, such 

15 as insufficient or excessive carbon dioxide production. 

Depending on the recipe, the dough may be allowed to remain in the oven 
for a period following the indicated end of the active zone 5B (Fig. 1). This 
additional time may be used by the baker to enhance some of the flavor and texture 
parameters of the finished bread through surface treatments and/or the addition of 

20 further ingredients. 
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The monitor, if it has the ability to function as a controller, may be 
programmable to automatically instruct the means for heating the oven to elevate 
the temperature in the oven to a baking temperature. The monitor may also 
automatically control the time and temperature for the baking stage and provide a 
signal indicating the end of the baking stage. 

One embodiment of the method of the invention is illustrated in the flowchart 
shown in Fig. 4. At the start in step 30, the dough is placed in the oven. In step 32 
the carbon dioxide sensor detects carbon dioxide in the oven. The carbon dioxide 
production is monitored in step 34. 



yi 

pi 10 At step 36, the monitor makes a decision whether a predetermined amount 



, : " of carbon dioxide has been detected after an initial time period. For example, to 

a 

pi determine whether the yeast is producing sufficient carbon dioxide. If no, then in 

ru 

W the next step, step 38, signals a potential problem to alert the baker that the yeast 



may not be acceptable. If yes, then the next step is to determine whether the rate 
15 of carbon dioxide production has fallen below a predetermined threshold value, as 
happens at the end of the active zone 5B shown in Fig. 1 . If no, then in step 42 the 
monitor determines whether the detected amount of carbon dioxide is above a 
predetermined threshold value, another measure of whether the leavening stage is 
complete. If no, then the method returns to step 32 and continues to detect and 
20 monitor the carbon dioxide. If yes, either at step 40 or step 42, the next step is to 
signal the end of the leavening stage at step 44. Alternatively, one of steps 40 and 
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42 may be omitted, although using both provides some redundancy in the system. 
As a further alternative, the monitor may be programmed to compare the detected 
carbon dioxide as a function of time against a predetermined acceptable curve of 
carbon dioxide concentration over time, such as is shown in Fig. 1 . A comparison 
of the concentration of carbon dioxide as a function of time against the detected 
carbon dioxide can be used to detect irregularities in the production of the carbon 
dioxide, and to determine the specific points of interest, such as the end of the 
leavening stage. 

At the end of the leavening stage, signaled at step 44, the system 
automatically proceeds to step 46 and begins the baking stage. Step 46 may be 
omitted and the method may end after step 44, otherwise the method ends at the 
completion of the baking stage at step 48. 

As described above and shown in the illustrated embodiment, the present 
invention provides a significant improvement over the state of the art. Rather than 
relying on a time and temperature profile, the illustrated system monitors the carbon 
dioxide production to provide more consistency in the quality of the baked goods 
produced, as well as improving the efficiency of the baking process. 

Although the invention has been shown and described with respect to a 
certain illustrated embodiment, equivalent alterations and modifications will occur to 
others skilled in the art upon reading and understanding the specification and the 
annexed drawings. In particular regard to the various functions performed by the 
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above described integers (components, assemblies, devices, compositions, etc.), 
the terms (including a reference to a "means") used to describe such integers are 
intended to correspond, unless otherwise indicated, to any integer which performs 
the specified function (i.e., that is functionally equivalent), even though not 
structurally equivalent to the disclosed structure which performs the function in the 
herein illustrated embodiment of the invention. 
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